Introduction
cEEG, is a vital tool in detecting nonconvulsive seizures (NCS) and nonconvulsive status epilepticus (NCSE) in critically ill patients, and is being used worldwide. Early diagnosis and treatment in this condition helps us in improving patient outcomes. 1 NCS and NCSE are increasingly recognized as common occurrences in the ICU, where 8-48% of comatose patients may have NCS. [2] [3] [4] [5] [6] [7] [8] [9] [10] NCSE is under recognized and potentially fatal if untreated. 1 Most patients with NCS have purely electrographic seizures 2 and other subtle signs can be associated with NCS but they are non-specific for NCS so continuous EEG is usually necessary to diagnose NCS. In their study of 22 patients with NCSE, Narayanan and Murthy 11 found that 32% patients had subtle motor phenomena which were not present as initial presenting features but were apparent during continuous EEG recording. Other studies 10, 12 using cEEG found that NCS and NCSE occurred in patients after convulsive SE had ended and mortality was two times higher in such patients. Therefore continuous EEG should be performed on any patient who does not regain consciousness as expected after a convulsive seizure to detect ongoing seizure activity.
In two recent studies using cEEG, 18-21% of patients with Intra cerebral hemorrhage had NCS. 8, 13 It is prudent to do cEEG monitoring at any point with impaired consciousness either in the setting of acute brain injury or with no clear explanation, to detect NCS & NCSE. Pandian et al. 3 found that a EEG of 30 min detected NCS in 11% of patients, whereas subsequent continuous EEG (mean duration 2.9 days, range 1-17 days) detected NCS in 27%. Another study reported a 56% detection rate of seizures in an hour of EEG compared to 94% in 48 h EEG in patients of acute intracerebral hemorrhage. 8 In settings with limited resources, as in India and other developing countries many clinicians and intensivists have restricted or no access to cEEG and short term EEG is frequently used. The aim of our work was to assess whether findings of short term EEG can be as effective as continuous EEG in predicting prognosis and deciding the treatment plan based on electrographic patterns in critically ill patients. We also wanted to assess various Purpose: To evaluate EEG predictors of outcome in patients with altered sensorium suspected to have seizure and to assess whether short term EEG is as effective as long term continuous EEG (cEEG) in predicting the outcome of patients with altered sensorium due to neurological causes. Methods: We identified 99 consecutive critically ill patients with altered sensorium in whom nonconvulsive seizures were suspected. They underwent cEEG. Functional outcome was assessed with the modified Rankin Scale (mRS) at 4 weeks, discharge or death. We compared efficacy of short term EEG and long term continuous EEG in recording the abnormal patterns on EEG. Logistic regression analysis was performed to identify EEG findings associated with poor outcome, defined as mRS 4-6 (dead or moderately to severely disabled). Results: Poor outcome was associated with nonconvulsive seizures (NCS), nonconvulsive status epilepticus (NCSE), periodic lateralized epileptiform discharges (PLEDS), PLEDS plus, generalized periodic epileptiform discharges (GPEDS) and abnormal EEG background. Short term EEG can detect seizure activity and other electrographic markers of poor outcome but the values are statistically insignificant. Conclusion: cEEG monitoring provides independent prognostic information in patients with altered sensorium and suspected seizures. Unfavorable findings include nonconvulsive seizures, periodic epileptiform discharges and abnormal background. Short term EEG is ineffective in detecting seizures on EEG in patients with altered sensorium and should not be used as substitute for Long term EEG ß 2013 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
EEG patterns encountered in critically ill patients with their sensitivity and specificity in predicting the outcome in these patients.
Materials and methods

Subjects:
We recruited 99 consecutive patients who were admitted in the Neurology unit 1 of All Institute of Medical Sciences, New Delhi in altered sensorium due to acute neurological insult and were suspected to have NCS (based on unexplained altered sensorium or 'Subtle neurological signs') and underwent cEEG from January 2009 to February 2011. 'Subtle neurological signs' meant mild intermittent twitching of fingers, episodic unidirectional nystagmus, perioral unilateral twitching, paroxysmal autonomic signs or motor automatism with suspicion of seizure.
Inclusion criteria
Patients with impaired consciousness due to neurological causes with suspected NCS, patients with convulsive SE not regaining consciousness following treatment and acute neurological insults with unexplained deterioration of sensorium were included in the study. Patients who had been managed for status and then referred for persistent altered sensorium (not being on anesthetic agents) were included as there is a clinical equipoise regarding their monitoring and management status.
Exclusion criteria
Patients in coma following cardiac arrest, brain dead, drug overdose or poisoning and patients in altered sensorium after traumatic head injury were excluded from the study. Patients undergoing treatment for convulsive status epilepticus were excluded from the analysis and there is no doubt about the monitoring during management in these patients.
Methodology
The study was approved by the ethics sub-committee of the All Institute of Medical Sciences, New Delhi. Written informed consent was obtained from the primary caregiver. The study was done prospectively.
Clinical management
Once detected to have NCS/NCSE by cEEG patients with NCS were treated on the standard lines of management in addition to management of the primary neurological cause. We used intravenous phenytoin, valproate and benzodiazepines in most patients. Intravenous levetiracetam was used in patients with deranged renal and liver function tests. 14 
Continuous EEG (cEEG) recordings
cEEG was recorded digitally using Nicolet vEEG system (Viasys Neurocare ISO 13485) with V32 Amplifier (16 bits digital converter, 32 channel input, bandwidth 0.053-500 Hz,channel crosstalk <40 dB). 21 scalp electrodes placed according to the international 10-20 system. The minimum duration of the recording was 72 h and more .The study trends were viewed continuously by the neurology resident in charge of the patient, they were reviewed by neurologist at least twice daily. One hour readings were taken from 10 to 11am for the short term EEG and reviewed by an independent blinded observer (MT) who was not aware of the cEEG findings. In order to determine clinical correlates for episodes of electrographic seizures/subtle suspected seizure like movements, digital video was done.
Continuous EEG variables
We recorded the presence of convulsive seizures if any during recording (CS), generalized convulsive status epilepticus (GCSE), NCS, NCSE, PLEDs, GPEDs, PLEDs plus and burst suppression (SB). Abnormal background in this study was defined as deviation beyond normal variations for specific age in terms of frequency, amplitude, distribution or responsiveness to stimuli. PLEDS were defined as purely periodic lateralized discharges with no intermixed rhythmic fast activity, PLEDS PLUS were defined as periodic lateralized discharges with intermixed rhythmic fast activity or evolving activity. In all patients continuous EEG was done for at least 72 h.
Continuous EEG protocol
For diagnosis of NCS, we used criteria proposed by Young et al. (1996) and later modified by Chong and Hirsch 24 . To qualify as NCS at least one of the primary criteria and one or more of the secondary criteria, with discharges of >10 s were required. For the diagnosis of NCSE, these EEG-ictal episodes should have been continuous or recurrent for >30 min without improvement in clinical state or return to pre ictal EEG pattern between seizures. 15 
Outcome assessment
Each patient's nearest relative or spouse was asked to complete an in-person interview after onset of altered sensorium. Detailed baseline demographic and clinical profile including presentation of patient, age of presentation, sensorium of patient on presentation assessed on the basis of Glasgow coma scale (GCS), findings on CT scan/MRI, CSF findings and EEG findings were recorded. Patients were followed up till the hospital stay for 4 weeks/discharge/death. Global outcome was assessed with the modified Rankin Scale (mRS; range: 0 = no symptoms, 6 = death. For the purposes of multivariate analysis, poor outcome was defined as a mRS of !4 indicating a state of moderate-to-severe disability (unable to walk), severe disability (bed bound), or death.
Statistical method
Data was analyzed using Stata 9. Data was represented as mean with standard deviation, frequency and percentage. The sensitivity, specificity, positive and negative predictive values were calculated. Odds ratio was calculated by using logistic regression. Chi square and Fischer exact test were used to see the association between the electrographic findings and outcome at 1 h and at least 72 h cEEG monitoring.
Result
Study cohort: between January 2009 and February 2011, out of all patients with altered sensorium admitted in Neurology department. 99 critically ill patients underwent cEEG for suspected NCS/NCSE. Mean age of these patients was 45.53 AE 20 years and 66.67% were male and rest were female. Majority of patients had cerebrovascular accident (46%) as the primary clinical diagnosis, followed by encephalitis (15%), chronic meningitis (12%) and Status epilepticus in patients with epilepsy (22%). In the category of others we had kept those patients who were admitted in altered sensorium but in whom the diagnosis was not established. History of seizures was present in 23% of the study patients. 42.4% patients had convulsive seizures during the present illness but not during the initiation of the recording. Secondary generalized tonic clonic seizures were the most common clinical seizure type, being present in 33.33% patients, followed by focal motor seizures (9.09%) mostly involving limbs or face. Average duration of stay in the hospital was 25.30 AE 23.93 days. The neurological status of the patients was assessed in terms of Glasgow coma scale. Out of all study patients, 53.5% had a GCS between 7 and 10, 40.4% had GCS between 11 and 15 and 6.1% had GCS between 3 and 6. Patients who had poor outcome (mRS ! 4) in the form of severe disability, vegetative state or death at 4 weeks or at discharge were 57.6% out of the total patients (Table 1) .
Neuroimaging was abnormal in 89% of study patients. Out of these, intra cerebral hemorrhage was seen in 25.25% and intra cerebral infarct was seen in 22.22% patients. Cerebral edema was present in 34.3%; midline shift was seen in 15.15% of study patients. Chronic meningitis with hydrocephalus (11.11%), encephalitis (12.12%), demyelination (1.01%) and non-specific cerebral atrophy (9.09%) were other findings on CT scan in the study patients. Abnormal CSF findings were seen in 18.18% patients ( Table 2) .
In this study we found out that short term EEG of 1 h was less effective in detecting paroxysmal discharges as compared to long term EEG. NCS were seen in 8% patients at 1 h EEG monitoring as compared to 29% patients with 72 h cEEG monitoring. NCSE was not recorded in any patient with 1 h EEG monitoring as compared to 12% patients with 72 h cEEG monitoring. GCSE was seen in 9% patients at 1 h EEG monitoring as compared to 20% patients at 72 h cEEG monitoring. PLEDS were seen in 17% patients at 1 h EEG monitoring as compared to 47% patients at 72 h cEEG monitoring. PLEDS plus was not seen in any patient at 1 h EEG monitoring as compared to 21% patients at 72 h cEEG monitoring. Generalized periodic epileptiform discharges (GPEDs) was seen in 1% patients at 1 h EEG monitoring as compared to 2% patients at 72 h cEEG monitoring (Tables 3 and 4) .
Outcome: Among the patients with poor outcome (mRS ! 4) abnormal background on EEG was present in 89% of patients, 63% had PLEDS, 47% had NCS, 33% had PLEDS plus, 33% had burst suppression,17.3% had NSCE,19% had GCSE and 3% had GPEDS. All these patterns except GCSE and burst suppression were statistically significant predictors of poor outcome (Table 4) .
cEEG findings such as NCSE, abnormal background, any PLEDs, PLEDs plus and GPEDs, were highly predictive of poor outcome if present (71.4-100% specificity, 76.6-100% positive predictive value [PPV]), but have poor prognostic value if absent (17.5-96.5% sensitivity, 47.4-93.8% negative predictive value) ( Table 5) .
In this study, cerebrovascular accidents were most common cause of altered sensorium (46.6%) contributing to almost 60% of patients with poor outcome. Patients who presented with stroke (34/46) and encephalitis (10/15) were associated with poorer outcome than who presented with status epilepticus (8/22) and chronic meningitis (3/12) ( Table 6 ).
Discussion
In the present study we tried to find out the predictors of poor outcome on cEEG in patients with altered sensorium and suspected seizures. NCS, periodic discharges (generalized or lateralized) and abnormal background were associated with poor outcome. Short term EEG monitoring was able to detect NCS and periodic discharges in some patients but it was statistically non significant as compared to long term EEG.
NCS and NCSE were seen in 29% and 12% of our patients respectively. There were no significant differences across various age groups. Similar results reported in previous studies with prevalence of NCS in comatose patients ranging between 8% and 48%. 2, 4, 9, 10, [16] [17] [18] [19] Our findings seem in line with previous observations and confirm that nonconvulsive seizures are common in critically ill comatose patients. In our study, out of 57 patients with poor outcome 47% and 10% of patients had nonconvulsive seizures and NCSE respectively. Previous studies 15, [20] [21] [22] found that the prognosis of NCSE in the ICU setting is poor with an overall mortality ranging between 30 and 100%. In a study by Granner and Lee, 23 mortalities were higher in acute symptomatic NCSE (27%), epilepsy-related (3%) and cryptogenic NCSE (18%). Tripathi et al. 14 found that status epilepticus (SE)
or suspected SE has to be managed effectively even in resource restricted setting. Our findings are in line with these studies and suggest that NCS and NCSE carry poor prognosis. cEEG monitoring with regard to NCSE has prognostic and management implications.
In our study, PLEDS was seen in 47.5% patients; PLEDS plus was seen in 21% patients and generalized periodic epileptiform discharges were seen in 2% patients. Out of the 57 patients with poor outcome 68% had PLEDS, 33% PLEDS plus and 2% patients had generalized periodic epileptiform discharges. Chong and Hirsch 24 found in their study that periodic epileptiform discharges are often seen in combination with electrographic seizures and may be observed after a variety of neurologic injuries or status epilepticus. In a study by Oddo et al. 13 10% (n = 21) of patients had electrographic seizures, 17% (n = 34) had periodic epileptiform discharges, 5% (n = 10) had both. Almost 90% of patients with Electrographic seizures or periodic epileptiform discharges died or were left severely disabled, whereas in those without electrographic seizures or periodic epileptiform discharges this percentage decreased to 40%. Claassen et al. 2 suggest that in neurology ICU patients periodic epileptiform discharges are independent predictors of poor outcome. Husain et al. 25 and Yemisci et al. 26 suggested that generalized periodic epileptiform discharges portend a poor prognosis. Our findings of association of PLEDs with poor prognosis are consistent with previous studies (Figs. 1  and 2 ). 19, [27] [28] [29] Burst suppression was seen in 27% patients and poor outcome was seen in 70% of patients with this pattern. These patients were those who were treated for suspected status at a center outside of ours and transferred in because of no improvement in the neurological condition and unexplained altered sensorium. In our study burst suppression association with poor outcome did not reach statistical significance unlike other studies. The possible reason can be higher frequency of burst suppression in patients presenting with status epilepticus than stroke which was associated with poorer outcome. These finding suggest that underlying etiology is important predictor of outcome. Treiman et al. 30 suggested that burst suppression is encountered in deep coma and has been suggested as the final pattern in deterioration of generalized status epilepticus. The presence of periodic discharges and abnormal background on EEG monitoring are associated with poor outcome is largely supported by the previous studies.
cEEG findings such as NCSE, abnormal background, any PLEDs, PLEDs plus and GPEDs, were highly predictive of poor outcome if present (71.4-100% specificity, 76.6-100% positive predictive value [PPV]), and have poor prognostic value if absent (17.5-96.5% sensitivity, 47.4-93.8% negative predictive value). This finding is similar to the finding of the study of Claassen et al. 19 done in the patients of SAH. 42% of our patients presented with seizure as the presenting symptom. Out of these, 23% had previous history of epilepsy. 22% patients presented with SE. These were treated on the standard line of management. We used intravenous phenytoin and valproate in most patients. Intravenous levetiracetam was used in patients with deranged renal and liver function tests.
14 Four of our patients with NCS improved with midazolam infusion and multiple antiepileptic drugs. Patients who had generalized convulsive status epilepticus on EEG showed good response to treatment and 9 out of 20 patients showed good recovery.
Conclusion
Although short term EEG is widely available in India in most hospitals and it can detect seizure activity along with electrographic markers of poor outcome but when compared to long term cEEG of at least 72 h, the yield is very poor. Critically ill patients with altered sensorium may have no or subtle clinical manifestations of seizure activity requiring a high degree of suspicion to detect nonconvulsive seizures. cEEG monitoring with regard to NCSE has great prognostic and management implications. Furthermore in comatose patients, rhythmic or periodic patterns (GPEDS, PLEDS, PLEDs plus and burst suppression) that do not clearly fall into the ictal or non ictal category, predominate and these are better detected by cEEG. NCS and NCSE are associated with high mortality. Patients in altered sensorium benefit from cEEG for several reasons, including detection of subclinical seizures, outcome prediction and possibly to help monitor the clinical state and response to interventions such as intravenous antiepileptic therapy. This makes cEEG a better tool over single or serial recordings in the detection and management of nonconvulsive seizures. An effort to do so is recommended even in developing countries where health resource allocation and generation must account for it to be available in acute neurology care settings.
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